
On August 29, 2006, the Commission entered Decision No. 70527 in the above-captioned

docket, extending Arizona Water Company's (the "Company") time to comply with certain

conditions included in Decision No. 68919 (the "Decision") to August 29, 2010. The Decision

approved the Company's application for an extension of its certificate of convenience and

necessity for its Superstition system. It also contained the following ordering paragraphs, at page

8, lines 1-16 of the Decision:

IT IS FURTHER ORDERED that Arizona Water Company shall file with

Docket Control, as a compliance item in this docket, a Notice of Filing indicating

that it has submitted for Staff" s review and approval, a copy of the fully executed

main extension agreements for water facilities for the extension area within two

years of the Decision in this matter.
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IT IS FURTHER ORDERED that Arizona Water Company shall file with

Docket Control, as a compliance item in this docket, a copy of the Arizona

Department of Environmental Quality Certificate of Approval to Construct for

facilities needed to serve the extension area within two years of the effective date

5 of this Decision.

6

7

8

9

10

IT IS FURTHER ORDERED that that Arizona Water Company shall file

with Docket Control, as a compliance item in this docket, a copy of the

developers' Certificate of Assured Water Supply, where applicable or when

required by statute within two years of the effective date of this Decision.

11

12

13

14

The Company is requesting that the current compliance deadline, August 29, 2010, be

extended for an additional two (2) year period, until August 29, 2012. In support of its request,

the Company respectfully submits and provides as follows :

15

16 In mid to late 2006, the housing market in Arizona began its current decline.

17

18 2.

19

Before a developer can plat any subdivision within an Active Management Area,

the Arizona Department of Water Resources ("ADWR") must have issued a CAWS .

20

21

22

23

The ADWR requires proof of water supplies physically available to serve a

planned subdivision for a minimum of one hundred years and will not issue a CAWS without

such proof.

24

25

26

4. The Company contracted with Clear Creek Associates, a highly respected

professional hydrologic engineering firm to prepare a regional groundwater model for the

27
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Company's Apache Junction Service Area ("AJSA"), which includes the extension area,

demonstrating sufficient physically available groundwater supplies to serve the AJSA.

3

4 5.

5

6

On November 22, 2000, on the Company's behalf, Clear Creek Associates tiled a

Physical Availability Demonstration ("PAD") application with ADWR demonstrating more than

sufficient groundwater supplies to serve the subject extension area and more for over one

7 hundred years (Exhibit "B") and was approved by ADWR on July 19, 2001 (Exhibit "C").

8

9 Most major economists declared the beginning of a deep recession, affecting the

10 entire country and further depressing the housing market.

11

12 Most economists believe that the current recession ended on or about July-August

13 2009 (see Attachment "D", hereto).

14

15

16
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19

20

Housing permits for single family residences issued in Pinal County, Arizona,

where the parcel in the extension area is located, dropped from an annual peak of I1,371 in 2005

to 3,104 in 2008. The numbers of new housing permits continued to drop into 2009 which

shows 1,507 permits issued through August 2009, however, over the past couple of months,

housing permits have increased in Pinal County with the month of August 2009 showing 258

new permits compared with 205 permits in August 2008 (see Exhibit "E" hereto) .

21

22

23

24

Due to the foregoing factors, the Company is now requesting additional time to file the

required compliance items for the transfer areas in compliance with the Decision. In support of

its request, the Company respectfully further provides as follows :

25

26 A map of the extension area is attached hereto as Exhibit A.

27
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With respect to the applicable CCN extension area, the Company is requesting

that the current compliance deadline, August 29, 2010, be extended for an

additional two (2) year period, until August 29, 2012. In support of this request

the Company further submits the following :

5

6

7

8

9

10

11

While the PAD is not a certificate of assured water supply, it is a precursor to, and

a necessary requirement for obtaining a certificate. Therefore, the Company

submits that the PAD, as documented by Exhibits "B" and "C", constitutes

substantial compliance with the Decision's requirement of this post-decision

condition, particularly in view of the other matters presented herein in support of

the Company's request.
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13

14
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20
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As discussed above, and as the Commission knows, the development and home-

building industries in Pinal County essentially bottomed out in late 2008 bringing

development to a near halt (see Exhibit "F" hereto, an Economic Synopsis

prepped by the Federal Reserve Bank of St. Louis), a fact over which the

Company (and many other water and sewer utilities who have compliance

obligations and have had to request CCN compliance extension deadlines) and the

Commission obviously have no control, but one which did not exist when the

Decision was entered, the Company submits that this economic reality should be

an important determinant in the Commission acting favorably on the Company's

request, as the continued existence of the Company's CCN for the extension area

will help to support the now improving development market, conversely, the

24 withdrawal of the CCN would be, the Company submits harmful to the

25 development recovery

26
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In view of the foregoing, the Company respectfully requests that the compliance deadline

under the Decision for the extension area be extended until August 29, 2012.

3
RESPECTFULLY SUBMITTED this 6th day of January 2010.

4

5
ARIZONA WATER COMPANY

6

7 By:

A

f 1

-.

8

9

Robert W. Gealke
Vice President and General Counsel
ARIZONA WATER COMPANY
Post Office BOX 29006
Phoenix, Arizona 85038-9006

10

11

12
Original and thirteen (13) copies of the foregoing filed
this 6th day of January 2010 with:

13

14

15

Docket Control Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

16 A copy of the foregoing was mailed this 6th day of January 2010 to :

17

18

19

Janice Alward, Chief Counsel
Legal Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

20

21

22

Ernest G. Johnson
Director, Utilities Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 8500723
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EXECUTIVE SUMMARY
E
\

This hydrology study report summarizes the groundwater flow model development, basic

data, model calibration, and sensitivity analysis of the Apache Junction Groundwater

Flow Modeling Study. Following the calibration of the transient model, a predictive

model simulation was run to address the physical availability of the groundwater

resources within Arizona Water Company's Apache Junction service area.

Clear Creek Associates' groundwater modeling results indicate a groundwater resource of

at least 19,255 acre-feet per year is available to meet current, committed and projected

demands. Model-calculated water table depths for Arizona Water Company wells range

from 570 feet to 857 feet below land surface after 100 years of continuous groundwater

withdrawal. Therefore, the withdrawal of 19,255 acre-feet per year of groundwater from

the Arizona Water Company Apache Junction service area will not result in a depth to

water exceeding 1,000 feet below land surface alter 100 years of continuous groundwater

withdrawal. This quantity of available groundwater resource exceeds Arizona Water

Company's 1998 groundwater withdrawals by 15,295 acre-feet per year.

INTRODUCTION

This report is submitted to Arizona Water Company by Clear Creek Associates to

summarize the 'results of the Apache Junction Groundwater Modeling Study.

Groundwater has been identified as the potential water source for meeting Arizona Water

Colnpany's current and future water demands for the Apache Junction service area.

Clear Creek Associates conducted this groundwater modeling study to address the

physical availability of the groundwater resources within Arizona Water Company's

Apache Junction service area.
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t
t Purpose and Scope of Work

The purpose of this report is to summarize the geologic and hydrogeologic factors that

control groundwater flow in Arizona Water Company's Apache Junction service area,

and to demonstrate the quantity of local groundwater resources that will be available to

meet the demands of Arizona Water Company. To demonstrate the physical availability

of a groundwater supply within the Phoenix Active Management Area (AMA), ADWR

requires that the current, committed, and projected groundwater production will not result

in a depth to water exceeding 1,000 feet below land surface, after a groundwater

withdrawal period of 100 years. In addition, the groundwater must be of acceptable

quality for potable use.

The scope of this groundwater modeling study included evaluations of geologic and

hydrologic conditions in the East Salt River Valley, particularly in the Apache Junction

area. Clear Creek Associates recently conducted the following tasks in support of the

groundwater modeling study:

Compiled and reviewed existing data including purnpage data and well

construction data from ADWR databases and Arizona Water Company, published

water level maps and geologic maps from ADWR and the U.S. Geological

Survey. In addition, electronic copies of model datasets of ADWR's Salt River

Valley groundwater flow model were obtained from ADWR.

Compiled an inventory of all wells of record in ADWR databases within the

Apache Junction groundwater flow model study area. The data were tabulated,

and plotted on a well inventory map.

Prepared a groundwater elevation map based on recent (December 1997) static

groundwater level data for wells located within the model study area. Water level

data were obtained from ADWR's GWSI database.

Developed a site conceptual model that presents the hydrogeologic understanding

of the area of interest in anticipation of numerical model development.

Constructed a numerical groundwater flow model to assist in the evaluation of

groundwater resources in Arizona Water Company's Apache Junction service

area.

CLEAR
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9

Calibrated the numerical groundwater flow model to published water level data

and water levels over time in selected wells to achieve a 'transient calibration'.

Prepared a predictive model simulation based on information obtained from

ADWR and projected demands from Arizona Water Company. The predictive

model simulation was run 100 years into the future to assess long- term

groundwater drawdown.

Conducted a model sensitivity analysis in which input assumptions are varied

over reasonable hydrogeologic ranges. The results are used to rank input

parameters by their effect on model predictions.

Background

Arizona Water Company requested that Clear Creek Associates evaluate the groundwater

resources in and around Apache Junction, Arizona. The groundwater resources study

consisted of developing a 3-dimensional groundwater model to support the demonstration

of physical groundwater availability to enable developers to obtain Certificates of

Assured Water Supply (CAWS) for their developments within Arizona Water Company's

Apache Junction service area. The groundwater model will also serve as a planning tool

for Arizona Water Company to blueprint its future water resources needs, as the Apache

Junction/Florence Junction condor is developed in future years.

Model Area

The Apache Junction groundwater flow model study area is located within the East Salt

River Valley sub-basin of the Salt River Valley, located in Central Arizona. Figure l

illustrates the location of the model study area. The model study area is also located

within the Phoenix Active Management Area (AMA). AMAs are areas in which

intensive groundwater management is required to address severe impacts on groundwater

supplies due to extensive groundwater withdrawals. The active model area of the Apache

Junction groundwater flow model encompasses approximately 420 square miles.

The model domain encompasses Apache Junction, Florence Junction, Queen Creek, and

portions of Mesa and Chandler. Although a large geographic area, the principal area of

CLEAR
CREEK-4` J
ASSOCIATES

Hydrology Study Report
Apache Junction Groundwater Flow Model

3 November 22, 2000
011001

H:\Arizona Water Company\RepoN\Revised Hydrology Study Report Revised Dratlt2.doc



/

interest occupies only a portion of the model domain in the immediate vicinity of the

Arizona Water Company Apache Junction service area. The eastern model boundary is

bounded by the Usery Mountains and the Superstition Mountains. The southwestern

model boundary is bounded by the Santan Mountains. The large model study area

provides several advantages :

1) Model boundaries can be tied to impermeable mountain ranges flanking the basin.

2) Model boundaries located some distance from the primary area of interest assist in

making model predictions more reliable by preventing the boundaries from

influencing the model predictions.

3) The model can be used in the future for other physical availability demonstrations

between Apache Junction and Florence Junction.

The climate within the model study area is semi-arid and is characterized by hot

summers, mild winters, and an average annual precipitation of 7 to 8 inches (ADWR,

1991). The model study area is drained by Queen Creek (Figure 1), an ephemeral stream

flowing only in response to major precipitation events.

HYDRO GE OLOGY

The hydrogeologic setting of the Eastern Salt River Valley (ESRV) is described in a

report by Laney and Hahn (1986). The ESRV is an alluvial groundwater basin defined

and surrounded by predominantly north to northwest trending fault-block mountain

ranges. The ESRV alluvial basin and a majority of the surrounding mountains

characteristic of the present Basin and Range physiography were formed during a period

of high-angle block faulting occurring approximately 15 to 8 million years ago

(Shafiquallah et. al., 1980).

The surrounding mountain ranges are composed primarily of crystalline rocks of

Precambrian to middle Tertiary age and extrusive rocks of middle Tertiary to Quaternary

age (Brown and Pool, 1989). The crystalline and extrusive rocks font nearly

impermeable barriers to groundwater flow and are referred to as the Hydrologic Bedrock

Unit (Corell and Corkhill, 1994).

The crystalline rocks of the Hydrologic Bedrock Unit (HBU), are composed of various

metamorphic and granitic rocks including, schist, gneiss, metavolcanics, quartzite,

granite, and other granitic rocks of Precambrian and middle Tertiary age (Corell and
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Corldiill, 1994). The extrusive rocks include middle to late Tertiary volcanic rocks of

rhyolitic to basaltic composition and basalt flows of middle Tertiary to Quaternary age.

Mountain ranges surrounding the sub-basin also include sedimentary rocks of late

Tertiary age referred to as the Red Unit (Arteaga and others, 1968). The Red Unit

consists of reddish colored, well-cemented breccias, conglomerate, sandstone, and

siltstone (Laney and Hahn, 1986). The upper pan of the unit locally contains interbedded

volcanic flows and pyroclastic rocks. The Red Unit was deposited primarily as alluvial

fan deposits.

The Red Unit was deposited prior to high-angle normal faulting that formed the alluvial

basins. The age of the Red Unit may range from 17.5 to 22 million years, based on

radiometric dating of volcanic rocks within the unit (Laney and Hahn, 1986). Because

the Red Unit is limited in areal extent it has been included with the basin-fill deposits for

modeling purposes.

Basin-Fill Deposits and I-Iydrogeologic Units Defined for the Model

The ESRV sub-basin consists of thick basin-till deposits of unconsolidated to semi-

consolidated elastic sediments of Late Tertiary to Quaternary age that overly the Red

Unit. Radiometric dating of volcanic rocks within the basin-fill indicated deposition

between 3.3 to 15.8 million years ago (Laney and Hahn, 1986). Basin-till deposits east

of Gilbert may be greater than 9,000 feet in thickness as indicated by geothermal

exploration drilling.

Basin-fill deposits are made up of interbedded sequences of conglomerate, gravel, sand,

silt, clay, and evaporates. Sediments are weakly consolidated to unconsolidated alluvial

fan, playa, and fluvial deposits. The basin-fill sediments generally are finer grained

toward the basin center and coarsen upward. The lithology relationships are interpreted

as alluvial fan and playa deposits formed in closed basins during the early and middle

stages of basin development, followed by fluvial and alluvial fan deposits formed during

late stages of basin development after the through flowing drainages were established

(Brown and Pool, 1989). The basin-till deposits comprise the regional aquifer in the

ESRV sub-basin. The basin-till deposits are sub-divided into three hydrogeologic units

for modeling purposes.
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Upper Alluvial Unit
/

The Upper Alluvial Unit (UAU) overlies the Middle Alluvial Unit (MAU) and consists of

silt, sand, and gravel. The UAU is dominated by sand and gravel near the present Salt

and Gila Rivers and near an earlier course of the Salt River to the east and south of South

Mountain, and near sub-basin margins. The UAU is generally dominated by silt and sand

in other areas.

The UAU was deposited during the later stages of basin development. The relatively

unifonn thickness of the unit and association of coarser-grained sediments along major

drainages indicate that the unit was probably deposited by ancestral Salt and Gila River

drainages after establishment of through-flowing drainages. The UAU is also comprised

of alluvial fans along the mountain fronts. The UAU consists of alluvial channel, terrace,

floodplain, and alluvial fan deposits. UAU sediments were derived from the ancestral

Salt and Gila Rivers and other drainages, and from surrounding mountains. The unit is

generally 200 to 300 feet thick in the ESRV and thins toward the sub-basin margins.

Figure 2 illustrates the bottom elevation contours of the UAU.

Middle Alluvial Unit

The MAU overlies the Lower Alluvial Unit (LAU) consisting mainly of clay, silt,

mudstone, gypsiferous mudstone, with interbedded sand and gravel. Near sub-basin

margins the unit is primarily sand and gravel and is difficult to distinguish from other

units. The MAU consists of alluvial fan deposits at the mountain fronts grading to

fluvial, playa, and evaporate deposits in the central sub-basin. The predominance of silt

and clay suggests the unit was primarily a playa deposit with sediments derived from the

surrounding mountains.

The MAU thickens toward the central sub-basin and in the ESRV is thickest southeast of

Gilbert. The increasing thickness and decreasing particle size of the MAU away firm the

basin margins suggest that the alluvial basin was still closed and subsiding during

deposition of the unit. Figure 3 illustrates the bottom elevation contours of the MAU.

Lower Alluvial Unit

The LAU overlies or is in fault contact with the Hydrologic Bedrock Unit (HBU) and the

Red Unit and is primarily conglomerate and gravel near basin margins, grading to
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mudstone, gypsiferous and anhydrite mudstone, and anhydrite in the central basin. The

unit contains interbedded volcanics locally. The LAU consists of alluvial fan deposits at

the mountain fronts grading to fluvial, playa, and evaporate deposits in the central basin.

LAU sediments were likely derived from surrounding mountains.

The LAU ranges from 0 feet in thickness at basin margins, to several thousands of feet in

thickness in the central basin area. Due to its great thickness, for modeling purposes the

LAU was not modeled to a depth of more than 3,000 feet below land surface.

The LAU was deposited during early stages of alluvial basin development. Similar to the

MAU, the increasing thickness and decreasing particle size of the LAU basin-ward

suggest that the alluvial basin was closed during deposition. Figure 4 illustrates the

bottom elevation contours of the LAU. Figures 5 and 6 present generalized

hydrogeologic cross sections across the model domain.

Hawk Rock Formation

As requested by the ADWR, the model geology in the vicinity of Apache Junction has

been updated to include Hawk Rock, an up-lifted fault block of volcanic rocks. Hawk

Rock outcrops in Township 1 North Range 8 East Section 6. Raymond (1985) and Laney

and Hahn (1986) previously mapped the up-lifted fault block. Data from these maps

were then used to update the bottoms of model layers l and 2 in the Apache Junction

area. Figure 7 illustrates the bedrock elevation in the vicinity of Arizona Water

Company's Apache Junction service area.

Aquifer Testing

Specific capacity data were tabulated from ADWR's GWSI database for wells within the

model study area in which specific capacity data were available. Transmissivity values

were then calculated from the available specific capacity data. The resulting

transmissivity values were utilized as a check of final model-calibrated transmissivity

values. Table l presents the specific capacity data and transmissivity values for the

Apache Junction study area.

Arizona Water Company's Apache Junction service area is currently supplied by five

water supply wells. The wells are designated by Arizona Water Company as follows :
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Well # 11
Well # 12
Well # 13
Well # 14
Well # 15

A-01-07 26AAC
A-01-08 30DCC
A-01-07 26ADB
A-01-08 31DCB
A-01-08 29CDC

Table 2 presents aquifer test results from Arizona Water Company wells numbers 12

through 15. The resulting hydraulic conductivity values were incorporated into the

model to calibrate the model locally within the Apache Junction service area.

Well Inventory

A well inventory map was prepared (Figure 8) to illustrate the locations of existing wells

simulated in the groundwater flow model. Data were obtained from ADWR's 55 well

registry database. The location and other pertinent information from the database query

are presented in Appendix A.

HYDROLOGIC SYSTEM - 1983 TO 1998

The hydrologic system of the ESRV sub-basin is dominated by regional pumping centers

and recharge from agricultural return flows, canal leakage, mountain front recharge, and

occasional flood events. The hydrologic system adjusts to stresses of groundwater

stumpage and recharge by changes in the volume of groundwater in storage.

Groundwater overdraft has reduced the volume of groundwater in storage resulting in

groundwater depressions, notably in the East Mesa and Queen Creek areas within the

model study area.

Within the Arizona Water Company model study area the UAU is generally De-watered

from historical groundwater pumping. The hydrologic system between 1983 and 1998

was used as the time frame for the transient model calibration period. This time period

was selected due to availability of water level and pumping data from ADWR. The

various components of the hydrologic system simulated included groundwater underflow,

sources of recharge, groundwater stumpage, andchanges in groundwater storage.

Groundwater Flow and Underflow

Within the Arizona Water Company model study area groundwater How entering the sub-

basin is directed toward two regional pumping centers. Historical groundwater pumping

for agricultural initiation has resulted in groundwater depressions in the East Mesa-

Gilbert and Chandler Heights areas. Groundwater underflow exits the model along the

northwestern and western model boundaries. A small amount of groundwater underflow
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enters the model study area near Florence (approximately 3,000 ac-ft/yr), this small

groundwater flux was not simulated in the model.

Figure 9 illustrates 1983 groundwater level contours (Reeter and Renwick, 1986) and

Figure 10 illustrates 1991 groundwater level contours (Hammett and Herther, 1995). The

1997 groundwater level map presented in Figure ll was constructed from water level

data obtained from ADWR's GWSI database. A comparison of the groundwater level

maps indicates that water levels have generally risen throughout much of the East Salt

River Valley due to decreases in groundwater pumping.

Groundwater Recharge

Recharge is the primary inflow to the Arizona Water Company model study area.

Estimates of groundwater recharge were obtained from ADWR's Salt River Valley

groundwater flow model (Corell and Corkhill, 1994) and served as recharge inputs for the

Arizona Water Company model. The components of groundwater recharge within the

model study area include, agricultural initiation, urban initiation, canal leakage, artificial

lake seepage, ephemeral stream infiltration (along Queen Creek), and mountain front

recharge.

Groundwater Pun page

Groundwater pumping represents the major outflow from the groundwater system within

the model study area. Groundwater pumping data were obtained from ADWR's "55"

well database. These pumping data were then input into the Visual MODFLOW model.

Figure 12 presents 1984 to 1998 groundwater pumping within the model study area.

Figure 12 illustrates an historical pumping high of about 200,000 acre-feet in 1990

declining to less than 100,000 acre-feet in 1998 within the model study area. The

decreased pumping rate is due to decreases in agricultural pumping and increased use of

CAP water.
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GROUNDWATER MODEL DEVELOPMENT

The groundwater How model was calibrated to historic groundwater levels using data

available from ADWR's GWSI database and published groundwater level maps from

ADWR. The pattern of drawdown in the basin is complex. The intent of the calibration

was to simulate changes in water levels over the past 14 years specifically in the area of

Arizona Water Company's Apache Junction service area. The large distances to the

model boundaries extending away from the Apache Junction service area helped to assure

that the boundary conditions did not influence the model predictions around the Apache

Junction service area. Model boundaries, if chosen too close to the area of interest, can

have the effect of forcing the model prediction, rather than letting the model predict the

best solution.

The groundwater modeling study required a review of all existing hydrogeologic data and

development of a three-dimensional groundwater flow model. The modeling analysis

and results are presented in this summary report. These tasks are described in more detail

in the following paragraphs.

Careful consideration has been given to the limits of the model area needed for this

analysis. Several factors were considered:

1) The site is located near the eastern edge of the East Salt River Valley sub-

basin, the Arizona Water Company well field is approximately five miles

southwest of the Usury Mountains, which font the northeast model

boundary.

2) Groundwater pumping is prevalent both historically and currently from

various production wells located around the Apache Junction service area.

As urbanization has spread throughout the East Salt River Valley,

groundwater pumping for agricultural purposes has declined. Further

pumping declines are likely in the future.

3) Recharge occurs from ephemeral streams (Queen Creek), canal leakage,

and agricultural initiation, and as mountain front recharge along the Usery

Mountains and Superstition Mountains.

Given these observations, a conceptual groundwater model was developed. The USGS

model code "MODFLOW" was selected as it is widely accepted and has well-developed

CLEAR
cREEK'-0)3
ASSOCIATES

Hydrology Study Report
Apache Junction Groundwater Flow Model

10 November 22, 2000
011001

H:\Arizona Water Company\Repon\Rcvised Hydrology Study Report Revised D1aft2.doc



pre- and post-processor software (Visual MODFLOW) allowing easy input of data and

development of graphics.

Once the groundwater flow model was constructed it was then calibrated to measured

groundwater level data and estimates of various water budget components. A sensitivity

analysis of the transient-state groulldwater flow model was conducted to determine which

model input parameters the model was most sensitive to. Upon completion of the

transient-state groundwater model calibration, a predictive model simulation was run to

evaluate the impacts of additional Arizona Water Company wells on the regional aquifer

system wells. The following sections provide a brief synopsis of the groundwater model

and parameters used.

Groundwater Model Code and Limitations

The groundwater model code selected to simulate groundwater flow was Visual

MODFLOW (Guiger and Franz, 1995), which combines the U.S. Geological Survey's

MODFLOW-96 (Harbaugh and McDonald, 1996) with an advanced graphical interface.

Visual MODFLOW allows the user to graphically assign input parameters, run the

analysis, calibrate the model, and visualize the results in plan view and full-screen cross-

section. MODFLOW is widely accepted in the hydrogeologic professional community as

a valid numerical model to simulate groundwater flow.

The Apache Junction Valley groundwater flow model and numerical models in general

have limitations and assumptions that need to be considered. The solution of the

numerical model is a non-unique solution. Model calibration by trial and error produces

a non-unique solution for the numerical model. The trial and error calibration method

involves changing one parameter at a time until a satisfactory match is achieved between

model-calculated and observed heads (water levels). Several different combinations of

aquifer properties and/or boundary conditions could result in the same or similar

solutions. The problem is particularly evident in areas of limited aquifer data, resulting in

several unknown parameters. The problem of non-uniqueness in the model solution was
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addressed in the sensitivity analysis by examining the degree to which selected model

parameters affect the model solution.

Model Simulation Period

The transient groundwater flow model was constructed to represent the post-development

time period from 1984 to 1998. The transient model incorporates yearly hydrologic

stress periods and 20 time steps per stress period with a time step multiplier of 1.1.

MODFLOW allows the use of a time step multiplier to increase the time step as the

simulation progresses. Increasing the time step is recommended when simulating a

stress, such as pumping, that is applied to the aquifer at the beginning of the simulation

(Anderson and Woessner, 1992). Table 3 illustrates the transient model stress periods.

Groundwater Model Characteristics

MODFLOW Packages

The model was constructed using six MODFLOW packages :

The Basic package handles the administrative tasks of modeling. It reads the
model grid, model layers, and stress periods. It also allocates computer memory,
reads the location of model input files, and identifies boundary conditions. The
Basic package also allocates time discretization, reads initial heads, and calculates
the overall water budget.

2. The Block Centered Flow (BCF) package simulates the hydrogeologic framework
of the model. The BCF package contains the basic hydrogeologic inputs to the
model and computes the conductance components of the finite-difference
equation, which determines How between adjacent cells. It also computes the
terns that determine the rate of movement of water to and from storage.

The WELL package simulates groundwater stumpage from the aquifer at specified
volumetric rates during specified stress periods. The WELL package was also
used to simulate constant flux across some of the model boundaries.

4. The Recharge package simulates the areal distribution of recharge. Recharge
simulated in the model included agricultural recharge, ephemeral stream recharge,
mountain front recharge, and canal leakage.

12
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The WHS solver package was used to solve the system of simultaneous equations
produced by the model. The WHS solver approaches the solution iteratively
through an approximation scheme.

Model Grid

The Arizona Water Company model study area is located within the ESRV sub-basin

with the active model domain encompassing approximately 420 square miles. The model

grid is oriented from northwest to southeast parallel to the Superstition Mountain front.

The model grid has been refined in the area of Arizona Water Company's well field to

more accurately simulate drawdown in the area of most interest. The model grid has

variable model cell sizes and is 74 rows by 104 columns. The model grid extends

approximately 31 miles in a northwest to southeast direction, and approximately 21 miles

in a northeast to southwest direction. Model cell sizes in the area of Arizona Water

Company's well field are 330 feet by 330 feet, or 2.5 acres in size. Model cells extending

away from the area of interest are as much as 0.5 mile by l mile, or 320 acres in size.

The variable grid size allows for finer resolution in areas of steep hydraulic gradients

such as near pumping wells. Figure 13 illustrates the Arizona Water Company model

grid.

Model Layers

As stated earlier in this report, the basin-till sediments of the East Salt River Valley are

sub-divided into three hydrogeologic units for modeling purposes, the UAU, MAU, and

LAU. Two model layers represented the hydrogeologic system of the Apache Junction

groundwater flow model. Model layer l represents the basin-till sediments from the land

surface to the bottom of the MAU. Model layer l was simulated as an unconfined

aquifer, where the water table is exposed to and fluctuates with atmospheric pressure

changes. The basin-fill sediments of the UAU were not independently simulated because

the UAU is unsaturated throughout most of the model domain. Model Layer 2 represents

13
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the basin-fill sediments of  the LAU. Model Layer 2 is simulated as a

confined/uncontined aquifer, confined when the overlying model layer is saturated, and

unconfined when the overlying model layer is unsaturated. At the sub-basin margins, the

bottom of model layer 2 corresponds to the geologic contact of the basin-fill sediments

with the Hydrologic Bedrock Unit. Toward the sub-basin center where the basin-fill

sediments become very thick, the bottom of model layer 2 parallels the land surface to a

maximum-modeled depth of 3,000 feet below land surface.

The bottom surface elevation of each model layer was obtained from ADWR's Salt River

Valley groundwater flow model (Corell and Corkhill, 1994). The bottom of model layer

2 was modified in the area of Hawk Rock to include this up-lifted fault block structure.

Hawk Rock is located in Township l South Range 8 East Section 6. To incorporate this

structure into the model, data were obtained from Raymond (1985) and Laney and Hahn

(1986).

Boundary Conditions

Boundary cells define the hydrologic conditions along the edges of the model. The

Apache Junction groundwater flow model incorporates two types of boundary conditions,

specified head and specified flux boundaries. In the post-development model, specified

head cells represent groundwater underflow out of the basin along the northwest and

southeast model boundaries. The model incorporates time-varying constant head cells,

input data for the time-varying constant head cells were obtained from the ADWR GWSI

database.

A specified flux boundary is where groundwater How entering or exiting the groundwater

system can be defined. The model uses no-flow cells to represent the hard rock

boundaries surrounding the basin. Specified flux boundaries were also used to represent

mountain front recharge along the Usery Mountains and Superstition Mountains. Figure

14 illustrates the groundwater flow model boundary conditions.
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Basic Data Requirements

The model requires the user to input values for certain aquifer parameters. These values

were derived from a combination of published literature and site-specific data collection.

Sources of data included ADWR, USGS, and Arizona Water Company records. The

main aquifer parameters include hydraulic conductivity and storage. Other parameters

include recharge, groundwater pumping, and water levels. The following provides a

summary of model values.

(

Hydraulic Conductivity

Initial estimates of hydraulic conductivity for model layers 1 and 2 were obtained from

ADWR's Salt River Valley groundwater flow model (Corell and Corkhill, 1994). Initial

estimates of hydraulic conductivity for the Salt River Valley model were developed from

aquifer test data, specific capacity data from GWSI, recovery test data from Salt River

Project wells, and particle size data from the USGS. These values were then adjusted

during the transient model calibration. In addition, hydraulic conductivity values

calculated from pumping tests conducted on Arizona Water Company's wells were

incorporated into the model. Model layer l had hydraulic conductivity values that ranged

from 2 to 25 feet/day with higher conductivity values corresponding to the basin margins

where sediments grade into coarser-grained sand and gravel. Model layer 2 had

hydraulic conductivity values that ranged from 0.1 to 30 feet/day with lower values

corresponding to central basin areas where finer-grained sediments are located.

Calibrated vertical anisotropy ratios for model layers 1 and 2 were equal to l0:l.

Figures 15 and 16 present the final model calibrated values of hydraulic conductivity for

model layers l and 2 respectively.

Storage

Model layer 1 was modeled as unconfined with calibrated values of specific yield ranging

from 10 to 15 percent. Model layer 2 was modeled as a fully convertible

unconfined/confined aquifer with calibrated values of specific yield ranging from 9 to 10

percent and a uniform storage coefficient of 10-7ft". Figures 17 and 18 present the final

model calibrated values of specific yield conductivity for model layers 1 and 2,

respectively.
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Agricultural Recharge

MODFLOW's Recharge package was used to simulate recharge within the basin. The

areal distribution of recharge for the Apache Junction groundwater flow model was

obtained from the ADWR Salt River Valley groundwater flow model (Corell and

Corkhill, 1994). The recharge values input into the model consist of the 1991 ADWR

estimates. Recharge simulated in the model includes incidental recharge from

agricultural and urban initiation, and canal seepage. The really distributed recharge

within the model study area was approximately 178,000 acre-feet per year. Recharge

values were held constant for the entire transient calibration period of 1984 to 1998.

Recharge values for the predictive model simulation were reduced by 25 percent to about

134,000 acre-feet per year. This value corresponds to the recharge value of ADWR's

Assured Water Supply model run 30_7 (ADWR, November 12, 1997) for the year 2010.

The MODFLOW datasets for this model run were obtained from ADWR and recharge

values were totaled for the Apache Junction model study area.

Mountain Front Recharge

Recharge along the Superstition Mountain front was simulated in MODFLOW's Well

package as a specified-flux. Mountain front recharge for the Apache Junction model

study area totals 10,500 acre-feet per year, which is similar to what was simulated in

ADWR's SRV model (Corell and Corldiill, 1994).

Groundwater Pumping

f

The MODFLOW WELL package was used to simulate pumping wells within the sub-

basin in the transient model. Groundwater pumping data for the period 1984 to 1998

were obtained from the ADWR Wells 55-database. Existing production wells are

simulated in the model with screened intervals consistent with the actual construction of

the wells when construction data were available. When well constriction data was

unavailable, it was assumed that wells were screened similar to neighboring wells.

Model stumpage rates for 1999 were assumed to be similar to the 1998 rates.

Groundwater pumping within the model study area ranges from approximately 70,000

acre-feet in 1992 and 1993 to 200,000 acre-feet in 1984 and 1990. Annual groundwater

pumping totals are illustrated in Figure 12. Groundwater pumping totals for the

predictive model simulation totaled approximately 164,000 acre-feet per year. This value

corresponds to the stumpage value of ADWR's Assured Water Supply model run 30_7

(ADWR, November 12, 1997) for the year 2010. The MODFLOW datasets for this

model run were obtained from ADWR and stumpage values were totaled for the Apache
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Junction model study area. The predictive model simulation utilized the 1991

groundwater pumping stress for the 100-year stress period, as this pumping rate was

similar.

Water Levels

The starting heads for the transient model were calculated from an initial conditions

model run. The initial conditions model consisted of a simulation in which a flat-water

table was input as the initial condition and the model was Mn for 100 years and solved

for water levels. The initial conditions model results were compared with a 1983

groundwater elevation contour map (Reeter and Renwick, 1986). The final initial

conditions model, calibrated to the 1983 water level surface, became the initial heads for

the transient model. Measured water level data at discrete well points, obtained from

ADWR's GWSI database, were input into the model to serve as observation points aiding

in the calibration of the transient model. The 1983, 1991, and 1997 groundwater

elevation maps (Figures 9,10, & ll) were used to qualitatively check model results to

ensure that the model-calculated reasonable directions of groundwater flow. Table 4

illustrates some of the general model characteristics.

Transient Model Calibration Summary

The model was calibrated to the transient groundwater flow conditions of 1984 to 1998.

The calculated heads from the initial conditions model run served as the initial heads for

the transient model. The main purpose of the transient calibration was to adjust aquifer

parameters and to demonstrate that the model could reasonably simulate the effects of

changing hydrologic stresses. Model stress periods are 1-year in length with 20 time-

steps per stress period and a time-step multiplier of l.l. The transient model includes

stumpage and recharge discussed earlier.

The transient calibration process involved making adjustments to storage terms and

hydraulic conductivity values to obtain an acceptable match between model-calculated

water levels and measured water levels. Figure 19 presents the final model-calibrated

transmissivity values. Figures 20 and 21 present model-calculated versus measured water

level contours for 1984 for model layers l and 2. Figures 22 and 23 present model-

calculated versus measured water level contours for 1991 for model layers l and 2.

Figures 24 and 25 illustrate the model-calculated versus measured water level contours
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for 1997 for model layers 1 and 2. The location of observation wells used to assess the

model calibration is illustrated on Figure 26.

I 984 Scatterplot Results

A transient state scatterplot of model-calculated versus observed heads for  1984 is

presented in Figure 27. The mean error  is  1.87 feet ,  which is  the mean difference

between the observed water  levels and the model calculated water  levels.  The mean

absolute error was calculated to be 28.4 feet, which is the mean of the absolute value of

the differences in observed and model-calculated water levels. The normalized root

mean squared (RMS) error was calculated at 6.99%, which is the RMS error divided by

the difference between the highest and lowest observed water levels. A normalized RMS

error of 10% or less is considered acceptable.

I99] Sea tterplot Results

A transient sta te scatterplot  of model-calculated versus observed heads for  1991 is

presented in Figure 28. The mean er ror  is  9.37 feet ,  the mean absolute er ror  was

calculated to be 28.4 feet ,  and the normalized root  mean squared (RMS) error  was

calculated at 9.32%.

I997 Seatterplot Results

A transient state scatterplot of model-calculated versus observed heads for  1997 is

presented in Figure 29. The mean er ror  is  -3.7 feet ,  the mean absolute er ror  was

calculated to be 18.0 feet ,  and the normalized root  mean squared (RMS) error  was

calculated at 9.86%.

Hydrographs

The final calibrated transient model run was also evaluated by a series of hydrographs of

observed water levels versus model-calculated water levels for selected Arizona Water

Company wells. The hydrographs presented in Figures 30, 31, and 32 are for Arizona

Water Company well number 12, 13, and 14. The hydrographs indicate a reasonable

match between observed and model calcula ted water  levels for  wells  in the area  of

greatest interest, Arizona Water Company's well field.
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Model Calculated Water Budgets

A comparison of volumetric water budgets also sewed as a check of model calibration.

The volumetric water budget serves as an independent check of the overall acceptability

of the model solution (Harbaugh and McDonald, 1996). An acceptable transient model

solution should have small differences between total inflows and total outflows with

changes in storage included (the percent discrepancy).

A model configuration that closely matches actual hydrogeologic conditions will have a

small percent error term. The model calculated volumetric water budgets for 1984, 1991,

1997, and 1984 to 1998 all had a percent discrepancy of 0.0 feet. Tables 5 through 8

present the volumetric water budgets.

Transient Model Calibration Summary

Overall, the transient model calibration was successful. This has been demonstrated

qualitatively and quantitatively, qualitatively by comparison of observed versus model

calculated groundwater level contours, and quantitatively by volumetric water budgets,

statistical analysis, and hydrographs. The model reasonably simulates groundwater flow

directions, hydraulic gradients, and rising groundwater levels due to decreases in

groundwater pumping. The statistical analysis presented in Figures 27 through 29

indicates acceptable levels of error for a regional model. Overall, model errors are small

for a regional model, and are within professional standards for numerical groundwater

flow modeling.

Sensitivity Analysis

A sensitivity analysis was performed on the Apache Junction Groundwater Flow Model

to evaluate the effect of varying model input parameters on model-predicted heads and

flow. The sensitivity analysis consisted of varying select model input parameters and

recording the effect on the model-calculated heads and the model-calculated cumulative

water budget relative to the calibrated transient model. The results of the Apache

Junction Groundwater Model sensitivity analysis were used to identify the model input

parameters that have the largest affect on predicted heads and groundwater flow.
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The sensitivity analysis was conducted on the calibrated transient model. The following

hydraulic parameters were tested within reasonable ranges: Hydraulic conductivity,

storage, agricultural recharge, and boundary conditions along the Superstition Mountains.

The change in 1997 model-predicted heads and the model-wide cumulative mass water

budget were calculated for each of the 10 sensitivity runs. Due to Arizona Water

Company's proposed production well locations, particular attention in head changes is

focused across the "project area", although model-wide changes are also noted. The

"projectarea" is defined as Arizona Water Company's Certificate of Convenience and

Necessity ("CC&N") for its Apache Junction water system issued to Arizona Water

Company by the Arizona Corporation Commission (Figure 1).

The cumulative volumetric water deficit or surplus (in acre-feet) was calculated for each

sensitivity run by taking the numerical difference between the cumulative water budgets

of the sensitivity run and the calibrated model for the stress period representing the end of

the calendar year1997. The change-in-storage (expressed as a percentage) is the ratio of

the model-calculated cumulative water budget and the calibrated model cumulative water

budget. Sensitivity ranks for change-in-storage were calculated by taking the absolute

value of percent change-in-storage. Sensitivity integers from 1-10 were then assigned to

the corresponding ascending absolute values of percent change-in-storage calculations,

with "1" being the most sensitive and "l0" the least sensitive. Results of the sensitivity

analysis are presented in Table 9.

The percent RMS error was calculated for each sensitivity run and compared to the

percent RMS error of the calibrated transient model for the corresponding stress period.

The difference between the percent RMS errors of the sensitivity runs and the calibrated

model was then calculated. The higher the difference in percent RMS error, the more

sensitive the calibrated model heads were to that particular input parameter. The absolute

values of the percent RMS differences were normalized to the maximum residual RMS

errors for each stress period calculated, and are the basis for designation of the sensitivity

ranks for observed heads. The 10 sensitivity runs were assigned a sensitivity integer
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from 1-10, with "l" corresponding to the most sensitive (or having the greatest effect on

the model results) input parameter, ascending to the least sensitive (or having the smallest

effect on the model results) input parameter "l0".

The absolute change in heads across the project area for the calendar year 1997 were

calculated for each sensitivity run by taking the difference in the model-calculated and

the calibrated model heads for the corresponding stress period. The reported water levels

(calculated heads) for each sensitivity run represent the approximate model-predicted

groundwater level elevations (in feet above mean sea level) across the project area. It

should be noted however, that the sensitivity rankings for observed heads (and hence the

normalized RMS errors) indicate head changes across the entire model area, and do not

always coincide with the calculated head changes across the prob et area or other areas of

interest within the model-wide domain.

The values in the "In-Out" column in Table 9 represent the cumulative volumetric water

budget (in acre-feet), which are surpluses (represented by positive values) in all cases

(outflow>inflow). The "Difference in In-Out" column is the net cumulative volumetric

change-in-storage (in acre-feet) of the model-calculated cumulative water budget from

the calibrated model (or base case) cumulative water budget, resulting from a change in a

particular input parameter value. A negative value in this column indicates a reduced

surplus in the model-calculated cumulative water budget, while a positive value indicates

an increased surplus in the model calculated cumulative water budget.

Storage Coefficient

The storage coefficient, or specific storage (Se), is an essential hydraulic parameter in any

transient groundwater model. The Se coefficient represents the amount of water released

from storage or stored per unit volume in an aquifer, per unit of change in head. Due to

its importance in the calibrated transient model, both model layers l and 2 were varied by

it order of magnitude to assess the model's sensitivity to this parameter.
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Increasing SS by one order of magnitude resulted in a 28,900 acre-feet increase in the

calibrated model's cumulative water budget surplus. This equates to a 5.1 percent

increase in the model-calculated cumulative water budget surplus with respect to the

calibrated model. This is a relatively moderate volumetric inflow to the calibrated model

cumulative water budget, accounting for the fifth largest change-in-storage of all 10

sensitivity analyses. The RMS error for this sensitivity run was 10.4 percent, resulting in

a 0.5 percent RMS difference between the calculated heads and the calibrated model

heads. This corresponds to a sensitivity rank of 5 based on the normalized RMS value.

There was no observed change in the calculated model heads across the project area with

respect to the calibrated model heads, while model-wide heads decreased approximately

10 feet.

Decreasing SO by one order of magnitude resulted in a 2,950 acre-feet decrease in the

calibrated model's cumulative water budget surplus. This equates to a 0.5 percent

decrease in the model-calculated cumulative water budget surplus with respect to the

calibrated model. This is a relatively small volumetric outflow to the calibrated model

cumulative water budget, accounting for the eighth largest change-in-storage of all 10

sensitivity analyses. The RMS error for this sensitivity run was 9.8 percent, resulting in a

0.05 percent RMS difference between the calculated heads and the calibrated model

heads. This corresponds to a sensitivity rank of 6 based on the normalized RMS value.

There was no observed change in the calculated model heads across the model-wide

domain with respect to the calibrated model heads.

The results of the Se sensitivity analyses demonstrate that the calibrated model is low to

moderately sensitive to an order of magnitude increase in Se, but far less sensitive to a

one-order magnitude decrease. According to the normalized RMS errors, the calibrated

model is slightly less sensitive to a one order of magnitude decrease in SS by

approximately 3 percent. In terms of change-in-storage, increasing SS by an order of

magnitude resulted in an eight times greater impact on the calibrated model water budget

than did decreasing Se by one order of magnitude. Increasing and decreasing Se by one
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order of magnitude had no observable effect on the calibrated model heads across the

prob et area.

Spec#ic Yield

Specific yield (Sy) is another fundamental hydrologic input parameter of the groundwater

model. The magnitude and distribution of Sy defines the storage properties of the water

table aquifer throughout the model-wide domain. Because of its importance, both model

layers 1 and 2 were varied by :t25 percent to assess the calibrated model's sensitivity to

Sy.

Increasing So by 25 percent resulted in a 38,650 acre-feet increase in the calibrated

model's cumulative water budget deficit. This equates to a 6.9 percent increase in the

model-calculated cumulative water budget surplus with respect to the calibrated model.

The 6.9 percent change-in-storage is a relatively moderate volumetric inflow to the

calibrated model cumulative water budget, accounting for the fourth largest change-in-

storage of all 10 sensitivity analyses. The RMS error for this sensitivity run was 10.6

percent, resulting in a 0.7 percent RMS difference between the calculated heads and the

calibrated model heads. This corresponds to a sensitivity rank of 4 based on the

normalized RMS value. The calculated model heads for 1997 were approximately 5 feet

higher across the prob et area with respect to the calibrated model heads for the respective

year, while model-wide heads increased approximately 10 feet.

Decreasing So by 25 percent resulted in a 47,650 acre-foot decrease in the calibrated

model's cumulative water budget surplus. This equates to an 8.5 percent decrease in the

model-calculated cumulative water budget surplus with respect to the calibrated model.

The 8.5 percent change-in-storage is a low to moderate volumetric outflow to the

calibrated model cumulative water budget, accounting for the third largest change-in-

storage of all 10 sensitivity analyses. The RMS error for this sensitivity run was 10.2

percent, resulting in a 0.3 percent RMS difference between the calculated heads and the
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calibrated model heads. This corresponds to a sensitivity rank of 6 based on the

normalized RMS value. The calculated model heads were approximately 10 feet lower

along the base of the Users Mountains with respect to the calibrated model heads.

However, there was no observed change in heads from the calibrated model across the

rest of the project area. In contrast, model-wide heads increased approximately 10 feet.

The results of the Se sensitivity analyses demonstrate that the calibrated model is low to

moderately sensitive to a 25 percent increase or decrease in Sy. According to the

normalized RMS errors, the calibrated model is slightly less sensitive to a 25 percent

decrease in So by approximately 3 percent. In terms of change-in-storage, the calibrated

model is slightly less sensitive to a 25 percent increase in Sy by approximately 1.6

percent. Increasing and decreasing Sy by 25 percent had a minimal effect on the

calibrated model heads across the prob et area.

Hydraulic Conductivity

Hydraulic conductivity is a fundamental hydrologic input parameter in any groundwater

model. The flow of groundwater in an aquifer system is largely controlled by the

magnitude and distribution of hydraulic conductivities of the surrounding soil or rock

materials. Due to its importance, the hydraulic conductivity values for both model layers

l and 2 were varied by i25 percent to assess the calibrated model's sensitivity to this

parameter.

Increasing hydraulic conductivity by 25 percent resulted in a 21,700 acre-feet decrease in

the calibrated model's cumulative water budget surplus. This equates to a 3.9 percent

decrease in the model-calculated cumulative water budget deficit surplus with respect to

the calibrated model. The 3.9 percent change-in-storage is a relatively low volumetric

outflow to the calibrated model cumulative water budget, making it the sixth largest

change-in-storage of all 10 sensitivity analyses. The RMS error for this sensitivity run

was 9.7 percent, resulting in a 0.1 percent RMS difference between the calculated heads

and the calibrated model heads. This corresponds to the lowest sensitivity rank of 10

based on the normalized RMS value. The calculated model heads were approximately 10
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feet lower along the base of the Usery Mountains with respect to the calibrated model

heads. However, there was no observed change in heads from the calibrated model

across the rest of the project area. Localized variations in model-wide heads of

approximately 3:10 feet occurred throughout the model domain. Generally speaking,

heads increased in the area between Gilbert and Apache Junction, and decreased

elsewhere, wide the exception of the prob et area as previously mentioned.

Decreasing hydraulic conductivity by 25 percent had approximately an equal and

opposite effect on the calibrated model as the 25 percent increase. The 25 percent

decrease in hydraulic conductivity resulted in a 20,750 acre-feet increase in the calibrated

model's cumulative water budget surplus. This equates to a 3.7 percent increase in the

model-calculated cumulative water budget deficit surplus with respect to the calibrated

model. The 3.7 percent change-in-storage is a relatively low volumetric inflow to the

calibrated model cumulative water budget, making it the seventh largest change-in-

storage of all 10 sensitivity analyses. The RMS error for this sensitivity run was 11.0

percent, resulting in a 1.2 percent RMS difference between the calculated heads and the

calibrated model heads. This corresponds to a sensitivity rank of 3 based on the

nonnalized RMS value. The calculated model heads were approximately 10 feet higher

along the base of the Usery Mountains, and 5 feet lower throughout the rest of the prob et

area. Localized variations in model-wide heads of approximately i10 feet occurred

throughout the model domain. Generally speaking, heads increased in the area between

Gilbert and Apache Junction, and decreased elsewhere.

The results of the hydraulic conductivity sensitivity analyses demonstrate that the

calibrated model is low to moderately sensitive to 25 percent increase or decrease in

hydraulic conductivity. As anticipated, the effects on the calibrated model heads and the

change-in-storage were approximately equal (within 0.2 percent) and opposite in the two

sensitivity runs. The model-wide variations in calculated heads demonstrates that the

model is more sensitive on a local level than a regional one. These variations are

indicative of localized recharge/pumping rate ratios (i.e., stumpage>recharge, or

recharge>pumpage).
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Agricultural Recharge

Although a substantial amount of data has been collected to derive estimates of

agricultural recharge in the model-wide area, the data are nevertheless incomplete. It,

therefore, seemed reasonable to vary agricultural recharge rates in layer l of the

calibrated model by 4:25 percent to test the sensitivity of the calibrated model to this input

parameter.

Increasing agricultural recharge by 25 percent produced the second largest head and

storage changes of all other modified parameters. The 25 percent increase in agricultural

recharge resulted in a 429,300 acre-feet increase in the calibrated model's cumulative

water budget surplus. This equates to a 76.8 percent increase in the model-calculated

cumulative water budget surplus with respect to the calibrated model. The76.8 percent

change-in-storage is a significant volumetric outflow to the calibrated model cumulative

water budget, increasing the 1997 water surplus budget from 559,300 acre-feet to

988,600 acre-feet. The RMS error for this sensitivity runwas 12.9 percent, resulting in a

3.0 difference between the sensitivity run and the calibrated model. This corresponds to a

sensitivity rank of 2 based on the normalized RMS value. The calculated model heads

for 1997 were approximately 10 feet higher across the project area with respect to the

calibrated model heads for the respective year, while model-wide heads increased

approximately 10-30 feet. The largest increase in heads (30 feet) occurred in the Gilbert

area.

z

Decreasing agricultural recharge by 25 percent had approximately an equal and opposite

effect on the calibrated model as the 25 percent increase, producing the largest head and

storage changes of all other modified parameters. The 25 percent decrease in agricultural

recharge resulted in a 430,900 acre-feet decrease in the calibrated 1nodel's cumulative

water budget surplus. This equates to a 77.0 percent decrease in the model-calculated

cumulative water budget surplus with respect to the calibrated model. The77.0 percent

change-in-storage is a significant volumetric outflow to the calibrated model cumulative

water budget, decreasing the 1997 water surplus budget from 559,300 acre-feet to

128,400 acre-feet. The RMS error for this sensitivity run was 14.7 percent, resulting ina
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4.8 percent difference between the sensitivity run and the calibrated model. This

corresponds to a sensitivity rank of 1 (most sensitive) based on the normalized RMS

value. The calculated model heads for 1997 were approximately 10 feet lower across the

project area with respect to the calibrated model heads for the respective year, while

model-wide heads decreased approximately 10-20 feet. The largest decrease in heads (20

feet) occurred in the area between Gilbert and Apache Junction.

Boundary Conditions -- Mountain Front Recharge

Selecting appropriate boundary conditions are essential components of an accurate

groundwater model. As discussed earlier in the report, specified fluxes were assigned in

the calibrated transient model to simulate mountain front recharge, and ephemeral stream

channel infiltration based on the annual consistency of these fluxes. In order to test the

appropriateness of using constant flux boundaries, selected sensitivity runs were

conducted to determine the impact of on varying constant flux boundaries to constant

head cells. This was accomplished by varying mountain front recharge rates by 3:25

percent along the Superstition Mountains constant flux boundary (Figure 14). The

increase and decrease in mountain front recharge rates were simulated by adjusting the

injection rates in the specified flux cells located along the base of the Superstition

Mountains/basin interface. The results of these sensitivity runs are presented below.

The RMS errors and change-in-storage volumes for both sensitivity runs were within

0.5% of the calibrated model. These results indicate that regionally there was little to no

change in heads or the cumulative water budget. However, it is noteworthy to point out

that on a local level model heads were affected along areas of the Superstition

Mountains/basin interface. In general, water levels rose and declined approximately 10

feet in response to the 25 percent increase and decrease in mountain front recharge rates

along the Superstition Mountains constant flux boundary, respectively. Water levels

remained unaffected elsewhere throughout the model-domain.

In general, model heads were only slightly affected locally by change in boundary

conditions and the cumulative water budget remained relatively unchanged. In light of
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these results, the model-assigned boundary conditions for the Superstition Mountains

appears reasonable.

Sensitivity Analysis Summary

The sensitivity analysis has provided valuable information concerning the calibrated

transient model's response to changes in various hydraulic parameters. A ranking

system was developed to gauge the calibrated model's sensitivity to these varying

parameters for the calendar year ending 1997. The rankings for head changes were based

on the numerical difference between the calibrated model's RMS error and the RMS

error of a particular sensitivity run. The RMS error is the summation of statistical

derivations of calculated versus observed head residuals. These rankings indicate that the

model-wide calibrated heads are most sensitive to changes in agricultural recharge and

least sensitive to changes in specific storage. Head changes across the project area

(approximately d:l0 feet) were equally affected by changes in agricultural recharge,

hydraulic conductivity, specific yield, and mountain front recharge. There were no

observed changes in heads across the project area due to varying specific storage. All

calculated head residuals were within 5 percent of the calibrated model residual heads.

The sensitivity rankings for change-in-storage were based upon absolute values of

volumetric changes in the cumulative water budget, as of the calendar year ending 1997.

The results indicate that the calibrated model's water budget is most sensitive to changes

in agricultural recharge and least sensitive to changes in mountain front recharge. The

calibrated model was low to moderately sensitive to changes in hydraulic conductivity,

specific yield, specific storage, and mountain front recharge.

The sensitivity analysis has demonstrated that the calibrated transient model solution is

acceptably stable over a reasonable range of input parameter variation. The results have

also indicated the degree to which different input parameters influence the model

solution.

PREDICTIVE MODEL SIMULATION - EVALUATION OF GROUNDWATER
SUPPLY
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Following the completion of the transient groundwater flow model calibration, a

predictive model simulation was run to simulate a total groundwater supply of 19,255

acre-feet per year for use by Arizona Water Company in meeting its current, committed

and projected water demands. An additional 100-year stress period was added to the

model, to the year 2099. Nine "new" Arizona Water Company wells were located within

the Apache Junction Service area each pumping at a rate of 1,080 to 1745 acre-feet per

year. The "new" wells were located based on greatest available saturated thickness. To

do this, 1997 model-calculated water levels were subtracted from the model bottom

elevations and a 1997 saturated thickness overlay was prepared and imported into the

model.

Agricultural Recharge for the Predictive Model Simulation

Values of agricultural recharge for the 100-year predictive simulation were obtained from

ADWR's Phoenix Active Management Area's Assured Water Supply model run 30_7

(ADWR, November 1997). The MODFLOW datasets were obtained from ADWR and

recharge values were then totaled for agricultural recharge within the model study area.

Total agricultural recharge within the model study area totals approximately 134,000

acre-feet per year. The predictive model simulates 128,000 acre-feet per year agricultural

recharge (including canal seepage).

Groundwater Pun page for the Predictive Model Simulation

Values of groundwater stumpage for the 100-year predictive simulation were obtained

from ADWR's Assured Water Supply model run 30_7 (ADWR, November 1997). The

MODFLOW datasets were obtained from ADWR and groundwater stumpage values were

then totaled for pumping within the model study area. Groundwater stumpage within the

model study area totals approximately 164,000 acre-feet per year. The year 1991 most

closely approximates this value (Figure 12) and thus 1991 pumping stresses were utilized

as the pumping stress for the 100-year stress period. The predictive model simulates

164,000 acre-feet per year groundwater pumping, of which 19,255 acre-feet per year is

groundwater pumping by Arizona Water Company. The discrepancy may be due in part

to groundwater pumping located near boundary conditions and not simulated in the

model, and possibly in wells located in model cells that become dry during the 100-year

simulation.

Predictive Model Simulation Results
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In the predictive model simulation, Arizona Water Company Wells Nos. ll through 14

were simulated using 1998 pumping rates (total3,960 acre-feet per year). Arizona Water

Company Well No. 15 was simulated at a rate of 1,170 acre-feet per year, the permitted

annual allotment. Arizona Water Company Well No. 16 (recently completed but not yet

on line) was simulated at a rate of 1,745 acre-feet per year. Four of the nine "new" wells,

Well Nos. 17 through 20, were simulated at a pumping rate of 1,745 acre-feet per year, or

an additional groundwater supply of 8,725 acre-feet per year. The remaining five "new"

wells, Well Nos. 21 through 25, were simulated at a pumping rate of 1,080 acre-feet per

year, or an additional groundwater supply of 5,400 acre-feet per year. This equates to a

total groundwater supply of 19,255 acre-feet per year.

Figures 33 and 34 illustrate the groundwater elevation contours at the end of the 100-year

predictive model simulation for model layers l and 2 respectively. Figure 35 illustrates

the depth to water at the end of the 100-year predictive model simulation. Table 10

summarizes the results of the predictive model simulation for all Arizona Water

Company wells located within the Apache Junction service area. Depths to water for the

100-year simulation for Arizona Water Company's wells range from 570 feet to 857 feet

below land surface (Table 10). Model-calculated drawdowns for Arizona Water

Company wells range from 218 feet to 359 feet (Table 10) for the 1999 to 2099 time-

period. Our groundwater modeling results indicate that at least 19,255 acre-feet per year

of groundwater may be withdrawn continuously for a period of 100 years and will not

result in a depth to water exceeding 1,000 feet below land surface. 19,255 acre-feet per

year of groundwater supplies should be considered physically available to Arizona Water

Company's Apache Junction service area..

CONCLUSIONS

\

Clear Creek Associates' groundwater modeling results indicate a groundwater resource of

at least 19,255 acre-feet per year that will result in a projected water table depth ranging

from 570 to 857 feet below land surface (Table 10), after 100 years of continuous

groundwater withdrawal. Model-calculated drawdowns for Arizona Water Company's

wells range from 218 feet to 359 feet (Table 10) for the 1999 to 2099 time-period.

Therefore, the total withdrawal of up to 19,255 acre-feet per year of groundwater from

the Arizona Water Company Apache Junction service area will not result in a depth to

water exceeding 1,000 feet below land surface after a groundwater withdrawal period of

100 years.
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Stress Period No. Year Cumulative Days
1 1984 365
2 1985 730

3 1986 1095

4 1987 1460

5 1988 1825

6 1989 2190
7 1990 2555
.8 1991 2920
9 1992 3285
10 1993 3650
11 1994 4015
12 1995 4380
13 1996 4745
14 1997 5110
15 1998 5475

Table 3.

1984 to 1998 Transient Model Stress Periods

CLEAR
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Model
Characteristic

Description Units

Transient Calibration
Period

December 1983 to December
1998

time = days

Predictive Model
Simulation

December 1999 to December
2099

time = days

Model Grid 73 rows by 104 columns length = feet
Model Cell Size % mile by 1 mile (320 ac.) to

380 feet by 330 feet (2.5 ac.)
length = feet

`Model Layer 1 (UAU &
MAU>

unconfined aquifer length = feet

Model Layer 2 (LAU) confined/unconfmed aquifer length = feet
Horizontal Hydraulic
Conductivity

no horizontal anisotropy feet/day

Vertical Hydraulic
Conductivity

ratio of vertical: horizontal
conductivity = 1:10

1/day

Specific Yield volume of water yielded per unit
area per unit change in water
level

dimensionless

Storage Coefficient volume of water yielded per unit
area per unit change in confined
aquifer potentiometric elevation

dimensionless

Recharge applied to uppermost active

model cell

feet/day

Pun page distributed to all model layers feet'/day
Model Cell Types No-flow, constant head, variable

head
Boundary Conditions No-flow, time-varying constant

head, constant flux
Numerical Solution
Technique

Preconjugate gradient Closure criteria = 0.01 ft.

TABLE 4

APACHE JUNCTION MODEL CHARACTERISTICS

g

CLEAR
cREEK \3
ASSOCIATES

H:\Arizona Water Company\Report\Tables\Table-04 Model Charac.doc
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APPENDIX B
Visual MODFLOW Datasets (CD)
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CLEAR
CREEK 43" J
ASSOCIATES

Hydrology Study Report
Apache Junction Groundwater Flow Model

B November 22, 2000
011001

H:\Arizona Water Company\Repan\Reviscd Hydrology Study Report Revised Drati2.doc
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ARIZONA DEPARTMENT OF WATER RESOURCES
Hydrology Division

5001Nonh Third Street, Phoenix,.A1izona 85004
Telephone 602 417-2448

Fax 602 417-2425 Q 1 3

EXHIBIT "C"

I

July 19, 2001
JANE DEEHULL

Governor

JUL 23 2921 JOSEPH C. SMITH
DirectorWilliam M. Garfield, Vice President - Operations

Arizona Water Company
P.O. Box 29006
Phoenix, AZ 85038-9006

ARIZONA WATER COMPANY
PHOENIX iv EXECUTIVE

R E : Arizona Water Company, Apache Junction
Application for Physical Availability Demonstration #20-400448

Dear Mr. Garfield:

The Department has completed review of the report entitled Hydrology Study Report Apache
Junction GrouNdwater Flow Model prepared for  Arizona Water  Company,  by Clear  Creek
Associates, November 22, 2000. The area of investigations the Arizona Water Company model
boundary specified in the report. The study area encompasses about 420 square miles in the East
Salt River Valley Sub-basin in the Phoenix Active Management Area.

In accordance with A.A.C. Rl245-702 (C), we have determined that 19,255 acre-feet per year
of groundwater are physically available for 100 years under A.A.C. R12-15-703 (B) for assured
water supply purposes in the subject area. This determination is based on the MODFLOW
evaluation that simulated 19,2.55 acre-feet of pumping per year from supply wells within Arizona
Water Company's service area. This water is also of adequate quality for purposes ofA.A.C.
R12-15-704. The amount of 19,255 acre-feet per year includes the amount of groundwater
required to meet the current and committed demands of Me Apache Junction system,,.Acg91-d'mg
to available information, the current and committed groundwater demand miSestimated at about
7,340 acre-feet per year, It is the Department's conclusion that, pumping up to a maximum of
19,255 acre-feet per year for 100 years will take the depth-to~static water level to less than 1,000
feet below land surface, the maximum depth allowed by A.A.C. R12-15-703 (B). I f  the
Department finds that the groundwater supply is not available because the assumptions
and information used in determining the physical availability under the current criteria
prove incorrect, the Department will modify the availability of groundwater accordingly.

J
l

11 The results of the Department's hydrologic review li11fi11 the requirements of R12-15-702 (C)
and can be cited in applications for a Certificate of Assured Water Supply or for a Designation of
Assured Water Supply. These applications have certain additional requirements based on the
assured water supply criteria referenced in A.R.S. § 45-576 and A.A.C. R12-l5-701 et. seq. For
further information on these requirements, please contact the Office of Assured and Adequate
Water Supply at (602)417-2460.
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Page 2
Mr. William M. Garfield
July 19, 2001
Arizona Water Company, Apache Junction
Application for Physical Availability Demonstration #20-400448

The Departlnent's determination is an appealable agency action. In order to appeal this decision,
you must request an appeal within thirty (30) days from receipt of this letter. I have enclosed a
summary of the appeals process and an appeal form should you wishto pursue this option.

If you have any questions regarding the physical availability review, please contact me at(602)
417-2448.

Sincerely,

Greg Wallace
Chief Hydrologist

GW/IGWrd.
202 l94

cc: Steve W. Cornell, Clear Creek Associates
Steve Rossi, ADWR
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The massive efforts to slash interest rates and provide trillions in funds to the financial system have succeeded in restoring
conditions in the money and corporate credit markets. COrporate America has taken advantage of attractive rates to refinance
old debt and fund new acquisitions. Companies issued more than $800 billion in new bonds during the first seven months
of 2009 - nearly a third more than a year earlier. In the money markets, the three-month London interbank offered rate is
down to 0.43%, less than one-tenth of where this short-term benchmark stood at the worst of the credit crisis last October.

1, 4

. Wohelleve we woof aopasgon slhcejthq 193O;.ls~wgr. signs of recovery gee. e\iei'ywhere..it's.Ilme'for lrivéstors to look forward

d . 1 .p' . 11. 5..oly;lhililS.rép0r§, wedlsouss eight reasons why We lielleVe fails-reoasslon maybe over.

A Bank 1ef-dirgis.iii.¢r¢asi=is~

Banks' profitability and capitalization have improved, and banks have started lending again. According to the Fed's recent
periodic survey of banks, about 30% said, on net, they tightened lending to businesses in May, June and July, but that's
down from roughly 40% in April's survey. The percentage of banks that tightened standards on commercial real estate
loans dropped 20 percentage points to 45%. For residential real estate, the percentage fell to 20% from a peak of about
75% a year ago. Most banks expected lending standards across all loans would remain tighter than their average levels
over the past decade until at least the second half of 2010. However, the improvement in bank lending should be enough
to support economic recovery.

Leadlng.eci:§iiomlc iNdicators are Positive.

and to stop looking back.

Non-farm payrolls fell by just 247,000 in June, while the unemployment rate eased from 9.5% to 9.4%. The rate of
decline in payrolls has been improving since January, when payrolls declined by 741,000. Employment has been a
lagging indicator of the economy, improving at the end of or well after every recession in the postwar period.

8 REASQNS WHY (WE BELIEVE) THE RECESSION is OVER

The Organisation for Economic Co-operation and Development's (OECD)' composite leading indicators for its member
countries recorded their largest increase in June since records began in 1962. For the first time ever all 33 countries
recorded an increase.
to be pulling out of recession, with positive growth reported in the most recent quarters in Germany and France.

I
I

The Conference Board's Index of Leading Economic Indicators, which is designed to anticipate changes in the economy by

turns in the economy. The stock market, another leading economic iridicaton has already rebounded 50% from its March lows.
three to six months, rose 0.6% in July for its fourth consecutive gain. This gauge has an impressive track record of calling

..Ei;l8éc§aildns for gqio ebniiémic §r6wti1 cQntin.u§ go Mproye.

. Glb.bal jetdnoMies. aré. recovering.

T44 i¢5..m#rR@tis i5"i§r0vi.vs-

The Federal Reservgfsgffbrls to stgbiliie the fl§lan.cf§l.sy5tei11-worked,

Japan's economy grew this past quarter for the first time since early last year.Europe also appears

I
I

I

I In a recent WallStreet Journal survey, 80% of economists said they believe the recession either has ended or will end by
September In addition, economists continue to upgrade expectations for growth in the rest of 2009 and beyond.

The top 50 U.S. economists expect the economy to grow 2.2% in the third quarter, after falling just 1% in the second quarter
Economists in August lifted their projection for third-quarter growth by 1.2 percentage points over July's estimate to
2.2%, according to the median of 55 forecasts in a Bloomberg News survey. That is the biggest such boost in surveys
dating from May 2003. Forecasts for 2010 were raised to 2.3% from 2.1%.
The International Monetary Fund said in a recently revised forecast that the world economy will expand 2.5% in 2010,
compared with its April projection of 19%.

EXHIBIT "We

MAKINGSENSE o|=invssT|nc8

Edwardjones
29



Recession End

Dates

% Change

s. M0nths. Leger
% Change

1.2 Months Later

10/31/1949 10.97%

5/25/1954 18.63

4/30/1958 17.77 37.12

2/28/1961 7.86 7.51

11/30/1970 15.06 4.49

3/31/1975 6.57 30.63

7/31/1980 1.28 1.82

11/30/1982 15.46 22.18

3/28/1991 3.55 12.14

11/30/2001 -1.66 -10.04

7/31/2009 (est.) TBD TBD

9.5.5%.

Alan E Skrainka, CFA

Chief Market Strategist

Source: Ned Davis Research. Daily data starting in 1947. Six months measured by 126
market days; 12 months measured by 252 market days.

. Average

Don't Bet Against History
Historically, the stock market has performed well once
recessions end. The chart below shows the performance of
the S&P 500 six and 12 months after postwar recessions
ended. While history is not always an accurate guide to the
future, it does suggest that investors who are out of the
market are betting against a lot of history.

The Fed said industrial production rose 0.5% in July, the first increase in nine months. European industrial orders
increased 3.1% from May, the biggest gain in 19 months, according to the European Union's statistics office. For the first
time since January 2008, an index based on a survey of U.S. purchasing managers crossed a threshold indicating factory
output grew. Manufacturing activity in China, France and Australia, among other countries, also expanded in August,
separate surveys showed. The pace of contraction in Germany and some other nations slowed markedly.

Sales of existing U.S. homes jumped more than expected in July to the highest level in almost two years, signaling the
worst of the housing recession may have passed. Purchases climbed 7.2% to a 5.24 million annual rate, the most since
August 2007, the National Association of Realtors said recently. The gain was the biggest since records began in 1999.
The S&P/Case-Shiller home price index advanced 2.9% in the second quarter from the previous three months, the first
increase since 2006 and the biggest in almost four years. Foreclosure-driven declines in prices, government credits for
first-time buyers and near-record-low borrowing costs are expected to continue stoking demand.

Why.Does. It Take So Long to Call Recessions "Officially Over"?
The official"'scorekeeper" of recessions istle National Bureau of Economic Research (NBER), a private organization in
Cambridge, Mass. These folks aren't terribly interested in forecastingturns in the economy. Instead, they focus on making
sure their recession start and end dates are absolutely accurate and not subject to future revisions. Robert Hall, who
heads the FIBER's Business Cycle Dating Committee, recently said it is "more important" this time around for the group
to adhere to the principle of not calling an end to the recession until after economic growth has surpassed its previous
peak, "which could take 18 months or more to determine." The group took until July 2003, 20 months after the fact and
well after stock prices had begun to recover, to declare the last recession had ended.

Manufacturing in Qr the rebound.

Housihg haébottoméd,

15_.54%.

19.57%

29.98

vwvw.edwardjones.com

And remember, you can't recover if you're not invested.

1 The OECD, located in Paris, spells "organization" as it's listed.

2 Latest Blue Chip Economic Indicators survey

Information in this report is as of 9/2/09.

It looks as though the economy is improving, but that
doesn't mean you should throw caution to the wind Instead,
sit down with your Edward Jones financial advisor and talk
about ways you can take advantage of the improving climate
while still managing risk.

There are always risks to the outlook. The recovery could be
uneven, or something unforeseen might derail the progress
we've made. The stock market could correct at any time for
any reason. But these things are unpredictable. Our advice
remains the same: Don't base your investment decisions on
predictions, base them on investment principles. Focus on
the things you can control: the quality of the investments
you own and the diversification of your portfolio. Maintain a
long-term perspective.

You Can't Recover If You're Not Invested

Member SIPC

Edwardlones
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l n November 28, 2008, the Business Cycle Dating
r Committee of the National Bureau of Economic

Research (NBER) declared that a recession began
in the United States inDecember 2007.1 This committee
defines a recession as "a significant decline in economic
activity spread across the economy, lasting more than a
few months, normally visible in production, employment,
real income, and other indicators." The U.S. economy has
experienced six recessions over the past 40 years. On aver-
age these recessions have lasted 10.7
months. The longest recessions-
beginning in November 1973 and
Idly 1981-each lasted 16 months.
The shortest recession-beginning
in January 1980-lasted only six
months. Although the end of the
current recession is unclear, many
economists expect it to extend into
mid-2009, a duration of around 18
months.

The most skeptical economists
believe that because of die contrac-
tion in the housing market and
problems in financial markets, the
magnitude of the current recession
could be the most severe in decades,
perhaps comparable to the Great
Depression. Although the causes of
the current recession may be
unique, main recession indicators
have moved in a predictable fashion.

In a recession, the severity of the
decline is just as relevant as the dura-
tion of the recession. These two meas-
ures are not independent; a prolonged
but shallow recession may have an
aggregate impact similar to a short
but deep recession.

To compare the current recession
with the past six recessions, the chart
plots four main economic indicators

CharlesS. Gascon, Senior Research Associate
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EconomicSYNOPSES
Federal Reserve Bank of$t. Louis 2

used by the NBER: industrial production, real personal
income less transfer payments, employment, and real retail
sales and food services? Each series is indexed to 100 at
the start of the recession. The horizontal axis indicates the
number of months before (negative values) and after (posi-
tive values) the start of a recession, where zero indicates the
month the NBER determined the economy moved into a
recession? The black line indicates the averages over the
past six recessions,'* the blue line data on the most recent
recession, and the two dashed lines the highest and lowest
values of each series, capturing variability across the past
recessions.

Based on these indicators, the current recession has been
worse than average; however, the declines are not unprece-
dented. In the previous recessions, industrial production
tended to decline sharply at the business cycle peak; in the
current recession, it did not decline sharply until early 2008.
In the current recession, real income declines have been
significant; at the start of the recession, incomes were above
their pre-recession averages but are now slightly below
average. Current employment trends are consistent with
past recessions, although in recent mondms employment has

begun to approach its lowest levels. The most disturbing
current indicator is the decline in real retail sales, Histori-
cally, retail sales have stabilized within months of the begin-
ning of a recession; eleven months into this recession retail
sales continue to decline.

Main recession indicators tend to support the claim dirt
this recession could be the most severe in the past 40 years.
However, we are still far from another Great Depression.
The severities of the declines experienced so far have been
consistent with past recessions, and although the length of
the current recession could set a record, it will likely be only
by a few months. m

1 The NBER is a not-for-profit corporation that sponsors economic research and
promotes dialog on economic issues. By informal consensus, economists and
policymakers accept the Business Cycle Dating CommitteeS judgment on business
cycle turning points. The NBER report is available at
wwwdev.nber.org/cycles/dec2008.html.

2 Deflated using the Consumer Price Index for All Urban Consumers (1982-84 = 100).

3 According to Lhe NBER, recessions began in December 1969 (lasting 11 months),
November 1973 (16), Ianuaiy 1980 (6), ]fly 1981 (16), July 1990 (8), and March
2001 (8)-

4 Because some recessions were shorter than 16 months, the average is pulled
upward toward the end of the sample.
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